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RECORDING NOISE REDUCTION 

TECHNICAL FIELD 

The invention relates to recording and, more particularly, techniques for recording 
5 noise reduction. 

BACKGROUND 

Magnetic recording media, which include magnetic tape and magnetic disks, are 
used for storage and retrieval of data. The data are encoded in niagnetizations on the 
10 recording surface. In particular, the data are encoded in transitions, which represent 
boundaries between regions of magnetization reversal. 

There are two parts to a magnetic recording system. The first part is the magnetic 
recording medium, which holds the data. A typical magnetic recording medium consists 
of a thin layer of ferromagnetic material, such as gamma ferric oxide, supported by a 
15 ; lion-magnetic substrate. The ferromagnetic material is a material that can be permanently 
magnetized upon application of an external niagnetic field. The ferromagnetic material 
normally includes magnetic particles mixed with a binder to attach it to the non-magnetic 
L substrate. 

H The second part to a magnetic recording system is the recording head, which 

■ yj' ' ' • • . ' . • • . • 

p 20 applies the external magnetic field that magnetizes the magnetic recording medium. The 
S recording head is an electromagnet that typically comprises ferromagnetic C-shaped core 

wrapped with a wire coil. The core includes a very narrow gap that is positioned near the 
magnetic recording medium. 

The recording head is energized when current flows through the coil. Current in 
25 the coil induces a magnetic flux in the core and causes a fi*inging magnetic field, also 
called the recording field, to be generated across the gap. The recording field, which 
normally has an arcuate or substantially circular profile, extends fi'om the gap through the 
magnetic recording medium. The recording field gradient is sharper near the gap and 
broader further fi-om the gap. When the recording field passes through the magnetic 
30 recording medium, a remnant magnetization is created on the ferromagnetic surface. 
This results in a permanent magnetization of the ferromagnetic surface. 
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When any data stored magnetically are recovered from a magnetic recording 
medium, there is a risk that the data are contaminated with noise. Generally speaking, 
noise represents undesirable, unpredictable and random signals. In creating a magnetic 
recording system, it is desirable to identify sources of noise and, if possible, to reduce or 
5 eliminate them. 

SUMMARY 

In general, the invention allows for noise reduction in the magnetic recording 
medium. More specifically, the present invention allows for the reduction of what herein 
10 will be referred to as "tone noise,' - relating to recording of transitions. Tone noise is 
caused by at least two sources: position jitter and transition width broadening. Stray 
magnetic dipole fields ifrom the roughness of layer interfaces are an additional source of 
medium noise. Each of these sources contributes to undesirable noise on the magnetic 



W recording medium. 

^ 15 The invention reduces noise by including a highly permeable particulate soft 



magnetic underlayer proximal to the recording layer. The penneable layer modifies the 
recording magnetic fields extending from the recording head gap by shunting the field 
into the permeable underlayer. In effect, the permeable magnetic underlayer shapes the 
recording field, and thereby shapes the recorded transitions. 
H 20 The permeable magnetic underlayer causes the formation of an image recording 

field of opposite polarity to the real recording field. The image field behaves as though 
the field were generated by an image recording head. When the recording layer is thin, 
the magnetic field behaves as though one pole of the real recording head is closer to the 
opposite pole of the image recording head than to the opposite pole of the real recording 
25 head. As a result, the recording field from one pole of the recording head is drawn to 
opposite pole of the image recording head, rather than to the opposite pole of the real 
recording head. 

As a consequence of the image in the permeable magnetic underlayer, the 
recording field penetrating the recording layer has a substantial perpendicular component, 
30 and a greatly reduced horizontal component. Moreover, the shape of the recording field 



2 



Docket No* 10272US01 



has reduced sensitivity to changes in the distance between the recording head and the 
surface of the medium. 

In this way, the recording field records magnetic transitions that are consistently 
shaped. These characteristics of the transitions reduce position jitter and transition width 
broadening, and thereby reduce tone noise. In addition, the permeable magnetic 
underlayer reduces the noise effects of stray magnetic dipole fields. In these ways, a 
magnetic recording medium with a permeable magnetic underlayer records data with less 
noise, and therefore has an improved signal-to-noise ratio. 

In one embodiment, the invention presents an apparatus comprising a magnetic 
recording head having a gap and a magnetic recording medium. The magnetic recording 
medium has a recording layer and a permeable magnetic underlayer proximal to the 
recording layer. The thickness of the recording layer is less than or equal to one-half the 
width of the gap. 

In another embodiment, the invention presents a magnetic recording medium 
comprising a recording layer, a substrate and a permeable magnetic underlayer between 
the recording kyer and the substrate. The permeable magnetic underlayer alters a 
recording field passing through the recording layer. The permeable magnetic underlayer 
alters the a recording field, for example, by increasing a perpendicular component of the 
recording field. 

In a fiirther enibodiment, the invention presents a magnetic recording medium. 
The medium comprises a recording layer, a permeable magnetic underlayer adjacent the 
magnetic recording lay er and a substrate. The thickness of the recording layer is selected 
as a function of the width of a gap on a recording head. The invention further presents a 
method for making such a medium. 

In an additional embodiment, the invention presents a method comprising passing 
a recording field through a recording layer of a magnetic recording medium and 
regulating the shape of the recording field with a permeable magnetic underlayer. The 
method may further include regulating a perpendicular component of the recording field 
with the permeable magnetic underlayer. 
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Additional details of various embodiments are set forth in the accompanying 
drawings and the description below. Other features, objects and advantages will become 
apparent from the description and drawings, and from the claims. 

5 BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a cross-sectional diagram of a magnetic recording medium. 
FIG. 2 is a cross-sectional diagram of a magnetic recording medium, with a 
recording head and a recording field. 

FIG. 3 is a cross-sectional diagram of a magnetic recording medium at an 
10 interface between a recording layer and a permeable magnetic underlay er. 



DETAILED DESCRIPTION 



FIG. 1 shows a cross-section of a magnetic recording medium 10. Magnetic 

ry 

15 recording medium 10 comprises a recording layer 12, a highly permeable magnetic 
^ underlayer 14 proximal to magnetic recording layer 12, and a substrate 16. Magnetic 

^ recording medium 10 optionally includes a backside coating 18. 

Medium 10 may be constructed using techniques for construction of a 
conventional magnetic recording medium, but further include highly permeable magnetic 
20 underiayer 14. Substrate 16 is typically formed of plastic such as polyethylene 
terephthalate or polyethlyene naphthatlate. 

Substrate 16 provides a foundation for recording layer 12 and permeable magnetic 
underlayer 14. Permeable magnetic underiayer 14 may comprise, for example, very fine 
isotropic gamma ferric oxide particles. Permeable magnetic underlayer 14 may be 
25 applied as a coating to substrate 12, and may include a binder to promote attachment to 
substrate 16. 

Permeable magnetic underlayer 14 may have a relative permeability greater than 
20, and a coercivity in a range of 0.00001 Oe to 100 Oe. In addition, permeable 
magnetic underlayer 14 should have a saturation magnetization less than or equal to that 
30 of recording layer 12. In some cases, the moment of magnetic underlayer 14 may be 
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chosen so as not exceed the moment of recording layer 12, or not to exceed the moment 
of recording layer 12 by a predetermined percentage. 

Recording layer 12 may be applied as a coating over permeable magnetic 
underlayer 14. Recording layer 12 comprises ferromagnetic material such as gamma 
ferric oxide, and may also include a binder and a dry lubricant. Recording layer 12 may 
be coated over permeable magnetic underlayer 14, The thickness of recording layer 12 
may vary, but ordinarily the thickness of recording layer 12 is chosen to support a desired 
recording wavelength. The overall thickness of the substrate 16, permeable magnetic 
underlayer 14 and recording layer 12 should ordinarily be less than or equal to five 
microns (^m). 

Although media surface 20 is smooth, media surface 20 includes irregularities at 
the microscopic level. In addition, the interface between recording layer 12 and 
permeable magnetic underlayer 14 includes microscopic irregularities. 

FIG. 2 shows recording head 30 traveling over media surface 20 in direction x, 
indicated by reference numeral 36. As head 30 encounters the irregularities on media 
surface 20, head 30 moves positively or negatively in direction y relative to medium 10, 
i.e., the distance between head 20 and medium 10 increases or decreases. In other words, 
surface roughness of medium 10 causes recording gap 32 to be closer or farther fi-bm 
medium 10. FIG. 2 shows head 30 at two different distances from medium 10. 

Head 30 is energized, and recording field 40 emanates from gap 32. Recording 
field 40 in FIG. 2 represents the portion of the generated magnetic field that is strong 
enough to magnetize medium 10, not necessarily the entire field generated by head 30. 
Recording field 40 permeates recording layer 12, recording a magnetic transition in 
recording layer 12. 

Notably, recording field 40 does not have an arcuate or substantially circular 
profile. Instead, recording field 40 is shunted into permeable magnetic underlayer 14. 
As a result, the recorded transitions have profiles 42, 44 with increased perpendicular 
components, as compared with transitions recorded by a conventional arcuate recording 
field. In other words, profiles 42, 44 are substantially vertical with respect to the surface 
of medium 10, with a significant component in direction y, indicated by reference 
numeral 38, and a small component in direction x. Notably, recorded transition profile 
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42, recx)rded when gap 32 of recording head 30 is further from medium 10, has 
substantially the same shape as recorded transition profile 44, recorded when gap 32 of 
recording head 30 is closer to medium 10. 

Permeable magnetic underlayer 14, when encountering the field from head 30, 
5 generates resultant recording field 40. Recording field 40 behaves as though it results 
from the interaction between real head 30 and an image head (not shown in FlG. 2) of 
opposite polarity. In other words, field lines from the "north" pole of head 30 are drawn 
to the "south" pole of the image head, rather than to the "south" pole of head 30. 
Similarly, field lines from the "south" pole of head 30 are drawn to the "north" pole of 
10 the image head. In this way, recording field 40 is shunted into permeable magnetic 
underlayer 14, thereby generating recorded transition profiles 42 and 44 having a large 
perpendicular component. 
Q Recording field 40 does not have a circular shape. Profiles 42 and 44 are 

^" substantially less curved than a conventional arcuate recording field. Furthermore, 

15 profiles 42 and 44 have a substantially constant width through recording layer 12. A 
conventional recording field, by contrast, broadens as it penetrates the recording layer. 
Consistently shaped profiles that are substantially insensitive to the distance of 

fi ■ 

y head 30 from medium 10 are more likely to occur when recording layer 12 is thin and 

, . " 

p permeable magnetic underlayer 14 is close to the surface of recording medium 10. In 

H 20 particular, this effect is maximized when the distance between head 30 and permeable 
magnetic underlayer 14 is less than or equal to one-half the distance across gap 32. 

In practice, recording fields form consistent vertical profiles when the distance 
between head 30 and permeable magnetic underlayer 14 is one-half the distance across 
gap 32 or less. When the distance between head 30 and permeable magnetic underlayer 
25 14 is less than one-half the distance across gap 32, one.pole of head 30 will be closer to a 
. complementary image pole than to the real complementary pole on the opposite side of 
gap 32. As a result, recording field 40 will tend to be drawn perpendicularly toward the 
image. 

A conventional magnetic medium lacks a permeable magnetic underlayer. As a 
30 result, the recording field that emanates from the gap in the recording head has arcuate 
profile through the recording layer. With ah arcuate profile, the recording field has a 
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larger horizontal component than profiles 42 and 44 shown in FIG. 2, and a smaller 
perpendicular component than profiles 42 and 44. In addition, the gradient of the 
recording field that penetrates the recording layer of a conventional medium broadens as 
the field penetrates the medium. 

Recorded transition profiles in a conventional medium is not only shaped 
differently from profiles 42 and 44, recorded transition profiles in a conventional medium 
are also shaped differently from each other. As the distance between the recording head 
and the conventional medium changes, the shape of the transition profiles changes. 
Transition profiles in a conventional medium are inconsistent fi-om one transition to the 
next. 

One source of inconsistency is "transition width broajdening." The gradient of the 
recording field that penetrates the recording layer of a conventional medium broadens as 
the field penetrates the medium, and the depth of penetration depends upon the proximity 
of the recording head to the surface of the medium. 

Another source of inconsistency in a conventional medium is "position jitter." 
Position jitter is caused by the. changes in shape of the recorded transitions due to the 
changes in penetration of the recording field into the recording layer. As a result, the 
positions of the transitions are inconsistent, and the horizontal and perpendicular 
components of the transition profile change fi-om transition to transition. Like transition 
width broadening, position jitter depends upoii the distance of the recording head fi-om 
the conventional medium. 

Transition width broadening and position jitter contribute to what shall be called 
"tone noise." Tone noise can affect the ability of a read head to recover recorded data. 
Tone noise affects the entire spectrum, but is more pronounced at lower recording 
frequencies. 

The invention reduces tone noise, and enhances the signal-to-noise ratio, by 
including permeable magnetic underlayer 14 below recording layer 12. As shown in 
FIG. 2, the presence of permeable magnetic underlayer 14 causes recorded transition 
profiles 42 and 44 to have a substantial perpendicular component. Furthermore, the 
presence of permeable magnetic underlayer 14 causes recorded transition profiles 42 and 
44 to be more consistent in shape and position, and less sensitive to the distance of gap 32 
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of recording head 30 from medium 10. Because recorded transition profiles 42 and 44 
are substantially perpendicular and consistently shaped, transition width broadening and 
position jitter are reduced significantly. In this way, permeable magnetic underlay er 14 
reduces tone noise due to variations in spacing between recording head 30 and medium 
5 10. 

FIG. 3 illustrates another aspect of medium noise reduction with permeable 
magnetic underlayer 14. Interface 50 between recording layer 12 and permeable 
magnetic underlayer 14 is rough at the microscopic level. During recording, a magnetic 
dipole 52, 54 forms around the rough edges of interface 50. In a conventional magnetic 
10 medium, magnetic field lines between poles 52 and 54 contribute to medium noise. This 
component of medium noise may also be called "packing noise." 

In a medium with permeable magnetic underlayer 14, however, stray dipole fields 
p are significantly reduced. Permeable magnetic underlayer 14 forms an image 56, 58 of 

^ dipole 52, 54, with opposite polarity. Real poles 52 and 54 are physically closer to image 

s u 

M= 15 poles 56 and 58 than they are to each other. Consequently, magnetic flux 60, 62 between 
^ real poles 52 and 54 and image poles 56 and 58 predominates over flux between real 

^ poles 52 and 54. Moreover, because of image poles 56 and 58, the magnetic fields 

\^ between real and image poles are shunted into permeable magnetic underlayer 14, and as 

S a result, the fields are less likely to be sensed by a read head. In this way, permeable 

^ 20 magnetic underlayer 14 reduces the noise caused by the irregularities in the interface 50 
between recording layer 12 and permeable magnetic underlayer 14. 

In summary, permeable magnetic underlayer 14 reduces medium noise in three 
respects. Permeable magnetic underlayer 14 reduces transition width broadening and 
position jitter by promoting recording fields with a substantially consistent shape and a 
25 substantially consistent width, even when the distance between recording head 30 and 
medium 10 changes. In addition, permeable magnetic underlayer 14 causes recorded 
transitions to have a substantially perpendicular profile. Furthermore, permeable 
magnetic underlayer 14 also makes the magnetic fields of stray dipoles smaller. Each of 
these effects contributes to the reduction of noise. As a result, medium 10 with 
30 permeable magnetic underlayer 14 has a signal-to-noise ratio that is improved over a 
conventional medium. 
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A number of implementations and embodiments of the invention have been 
described. The invention may be used in a variety of contexts, such as in conjunction 
with a computer system, such as a personal computer having a high-density tape drive, 
other device that might utilize such a device. These and other embodiments are within 
the scope of the following claims. 
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